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VISUAL-LINE DETECTING DEVICE AND 
OPTICAL APPARATUS HAVING THE SAlVIE 

This is a continuation of prior application Ser. No. 
07/949,730, ?led Sep. 23, 1992. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a device for detecting a 

visual line (line of sight) and to an optical apparatus capable 
of operating under control utilizing the detected visual line. 

2. Description of the Related Art 
In the following description, reference will be made to a 

camera which is one example of such an optical apparatus. 

In recent years, with the rapid advance of electronic 
circuits or photoelectric conversion devices such as CCDs, 
the operations of cameras have increasingly been automated 
and various intelligent camera systems have been proposed. 

It is said that this kind of automation has realized great 
improvements in that the operability of cameras has been 
greatly improved and in that even an ordinary person has 
become able to take a satisfactory photograph without the 
need of high photographic techniques. 

However, the incorporation of automatic functions tends 
to impose limitations on the freedom of photography 
because of hardware limitations involved in the automatic 
functions. Accordingly, it is desired to provide a radical 
solution to this problem. 
The most serious problem is that such an automatic 

camera is generally arranged in such a manner that its 
automatic control, whether automatic focus adjustment or 
automatic exposure control, can only function on a center 
weighted basis with the result that a photographer is forced 
to select a photographic composition in which a main 
subject is located in the middle of a view?nder screen. 

Particularly in the case of focusing, it is necessary to 
accurately aim the camera at the main subject since it is 
photographically meaningless to focus all subjects on the 
view?nder screen on the average. Accordingly, to succeed in 
photography, it is necessary to select a photographic com 
position in which the main subject is located in a position 
where an automatic focus detecting device can operate. 

To solve the above-described problems, the concept of 
selecting a focus-determining area (distance-measuring 
point) on the basis of the visual line of a photographer is 
disclosed in Japanese Laid-Open Patent Application No. Sho 
61-61135. 

It has also been proposed to provide an apparatus which 
detects the position in an observing plane which an observer 
is observing, that is, an apparatus which detects a so-called 
visual line (visual axis). 

For example, in Japanese Laid-Open Patent Application 
No. Sho 61-172552, it is stated that a parallel beam of light 
from a light source is projected onto the anterior segment of 
an eyeball of an observer and a visual axis is obtained by 
utilizing the position of a cornea-re?ected image due to light 
re?ected from the cornea and the image-forming position of 
the pupil. The visual-line detecting method will be described 
below with reference to FIGS. 19 and 20. 

FIGS. 19 and 20 are views which serve to illustrate the 
principle of the visual-line detecting method. FIG. 19 is a 
schematic view of a visual-line detecting optical system, and 
FIG. 20 is an intensity diagram of an output signal from the 
photoelectric element array 6 shown in FIG. 19. 
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Referring to FIG. 19, a light source 5 is made from a light 

emitting diode for radiating infrared light to which an 
observer is insensitive, and is disposed in a focal plane of a 
light projecting lens 3. 

Infrared light emitted from the light source 5 is collimated 
by the light projecting lens 3, and the obtained parallel beam 
of light is reflected by a half-mirror 2 and illuminates a 
cornea 21 of an eyeball 201. 

At this time, a comea-re?ected image which is 
formed by a portion of the infrared light re?ected by the 
surface of the cornea 21, is transmitted through the half 
mirror 2 and converged by a light receiving lens 4, whereby 
the comea~re?ected image “d” is formed at a position Zd' on 
the photoelectric element array 6. 

Respective light rays from ends “a” and “b” of an iris 23 
pass through the half-mirror 2 and the light receiving lens 4 
and are focused at positions Za‘ and 2b‘ on the photoelectric 
element array 6 to form corresponding images of the ends 
£$a7, ‘ob!’ 

If a rotating angle 0 of an optical axis ii of the eyeball 201 
with respect to the optical axis (optical axis i) of the 
light-receiving lens 4 is small, a Z coordinate Zc of a center 
“c” of the iris 23 is expressed as: 

where Za and Zb represent the Z coordinates of the respec 
tive ends “a” and “b” of the iris 23. 

If Zd represents the Z coordinate of a position where the 
cornea-re?ected image “d” is formed and 0c represents the 
distance between a center of curvature, “O”, of the cornea 21 
and the center “c” of the iris 23, the rotating angle 9 of the 
optical axis ii of the eyeball 201 substantially satis?es the 
following relation: 

Oc><sin9=Zc-Zd (l) 

where the Z coordinate Zd of the position where the comea 
re?ected image “d” is formed coincides with the Z coordi 
nate of the center of curvature, “O”, of the cornea 21. 
Accordingly, if the positions of individual singular points 
(the cornea~re?ected image “d” and the images of the ends 
“a” and “b” of the iris 23), which are projected onto the 
photoelectric element array 6 as shown in FIG. 20, are 
detected, it is possible to ?nd the rotating angle 9 of the 
optical axis ii of the eyeball 201 by means of computing 
means 9. 

In this case, the expression (1) can be rewritten as follows: 

B><Oc><sin6=(Za‘+Zb‘)/2—Zd' (2) 

where B is an image-forming magni?cation and is normally 
an approximately constant value. The image-forming mag 
ni?cation B is determined by a distance L1 between the 
position where the cornea-re?ected image “d” is formed and 
the light receiving lens 4 and a distance L0 between the light 
receiving lens 4 and the photoelectric element array 6. 
As is known, if the surfaces of optical systems such as the 

cornea of the eyeball and the crystalline lens are respectively 
regarded as spherical surfaces, the optical axis of the eyeball 
can be determined by connecting the centers of the respec 
tive spherical surfaces. However, when a person is actually 
observing an object, the person’s eye is ?xed on a point on 
an extended line of a line which connects the central fovea 
of the retina and the anterior nodal point. As a result, a 
certain extent of deviation occurs between the optical axis of 
the eyeball and the visual axis thereof, depending on a 
personal error peculiar to the observer. 
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As a proposal for solving this problem, Japanese Laid 
Open Patent Application No. Hei l~274736 discloses the art 
of correcting the angle deviation between the optical axis 
and the visual axis of the eyeball of the observer and 
detecting the visual line thereof. 

If the horizontal rotating angle 0 of the optical axis of the 
eyeball of the observer is calculated and angle correction 5 
is applied to the angle deviation between the eyeball optical 
axis and the visual axis, the horizontal rotating angle 9H of 
the visual line of the observer is expressed as: 

where the sign 1 is determined in such a way that if the sign 
+ represents the angle of rightward rotation with respect to 
the observer, the sign + is selected when the observer’s left 
eye is used to look into an observing device and, when the 
observer’s right eye is used to look into it, the sign — is 
selected. 
The vertical rotating angle of the visual line of the 

observer coincides with a vertical rotating angle 9' of the 
optical axis of the eyeball. 

However, in the case of the above-described angle cor 
rection relative to a personal error associated with visual 
line detection, a photographer must take the trouble to set a 
correcting mode for executing personal error correction. In 
addition, each time photographers change, it is necessary to 
set the correcting mode to again perform personal error 
correction. 
When a plurality of photographers are operating a single 

camera by turns during photography, if a particular photog 
rapher forgets to perform a personal error correcting opera 
tion, operation control utilizing the visual line will cause an 
erroneous operation of the camera. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of the present invention to 
provide a novel camera which satis?es the usefulness, 
preciseness and high-speed response of an automatic func 
tion as well as the freedom of photography under manual 
control. 

To achieve the above object, according to one aspect of 
the present invention, there is provided a camera capable of 
utilizing a visual line of a photographer for a photographic 
operation. The camera includes visual-line detecting means 
for detecting a visual-line position of the photographer and 
correcting means for correcting a deviation between the 
visual-line position detected by the visual-line detecting 
means and an actual visual-line position of the photogra 
pher’s eye. The correcting means operates in association 
with a starting operation of the camera. 

Other objects and advantages of the invention will 
become apparent from the following detailed description 
taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic block diagram showing the essential 
parts of a video camera according to a ?rst embodiment of 
the present invention; 

FIG. 2 is a perspective view showing the visual line 
detecting system shown in FIG. 1; 

FIGS. 3(A) and 3(B) are diagrams showing the optical 
principle of the visual line detecting system of FIG. 2; 
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FIGS. 4(A) and 4(B) are diagrams showing re?ected 

images which are projected onto a photoelectric element 
array according to the ?rst embodiment; 

FIG. 5 is a sequence ?owchart of a visual-line detecting 
method according to the ?rst embodiment; 

FIG. 6 is a ?owchart showing a personal error correcting 
operation associated with visual-line detection in the ?rst 
embodiment; 

FIG. 7 is a view showing one display example which is 
provided on an electronic view?nder screen during personal 
error correction associated with visual-line detection accord 
ing to the ?rst embodiment; 

FIGS. 8(A) and 8(B) are views showing another display 
example which is provided on the electronic view?nder 
screen during the personal error correction associated with 
the visual-line detection according to the ?rst embodiment; 

FIGS. 9(A) to 9(F) are views showing another display 
example which is provided on the electronic view?nder 
screen during the personal error correction associated with 
the visual-line detection according to the ?rst embodiment; 

FIGS. 10(A) to 10(F) are views showing another display 
example which is provided on the electronic view?nder 
screen during the personal error correction associated with 
the visual-line detection according to the ?rst embodiment; 

FIG. 11 is a schematic view showing one example of the 
external appearance of the video camera of FIG. 1; 

FIG. 12 is a ?owchart showing one example of the ?ow 
of the operation of the system of the video camera shown in 
FIG. 11; 

FIG. 13 is a schematic view showing another example of 
the external appearance of the video camera of FIG. 1; 

FIG. 14 is a ?owchart showing one example of the ?ow 
of the operation of the system of the video camera shown in 
FIG. 13; 

FIG. 15 is a schematic view showing another example of 
the external appearance of the video camera of FIG. 1; 

FIG. 16 is a ?owchart showing one example of the ?ow 
of the operation of the system of the video camera shown in 
FIG. 15; 

FIG. 17 is a schematic block diagram showing the essen 
tial parts of a video camera according to a second embodi 
ment of the present invention; 

FIG. 18 is a ?owchart showing one example of the ?ow 
of the operation of the system of the video camera shown in 
FIG. 17; 

FIG. 19 is a schematic view which serves to illustrate a 
visual-line detecting method; and 

FIG. 20 is an intensity diagram of an output signal from 
the photoelectric element array shown in FIG. 19. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIlVIENTS 

Preferred embodiments of the present invention will be 
described below with reference to the accompanying draw 
ings. By way of example, the following description is made 
in connection with a video camera to which the present 
invention is applied. 

FIG. 1 is a schematic block diagram showing the essential 
parts of a video camera according to a ?rst embodiment of 
the present invention. 
The video camera shown in FIG. 1 includes an eyepiece 

lens 1 and a dichroic mirror 2 of the type which transmits 
visible light and re?ects infrared light. The dichroic nrirror 
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2 is obliquely disposed inwardly of the eyepiece lens 1 and 
serves as an optical-path splitter. 

The video camera also includes a light receiving lens 4 
and illuminating means 5. The illuminating means 5 is made 
up of three infrared light emitting diodes 5a, 5b and 50 
which are disposed at different positions which will be 
described later. (The infrared light emitting diode 5b is 
shown in FIG. 2.) 
The video camera also includes a photoelectric element 

array 6, and the light receiving lens 4 and the photoelectric 
element array 6 which constitute part of light receiving 
means. The photoelectric element array 6 usually employs a 
device in which a plurality of photoelectric elements are 
one-dimensionally arranged in the direction perpendicular to 
the sheet surface of FIG. 1. However, a device in which 
photoelectric elements are two-dimensionally arranged may 
be used as required. 
The aforesaid constituent elements 1, 2, 4, 5 and 6 

constitute a system for detecting the visual line of an eyeball 
201 of a photographer (observer). 
The video camera also includes an electronic view?nder 

(EVF) 101 having an electronic view?nder screen 102. 

In the ?rst embodiment, a video image displayed on the 
electronic view?nder screen 102 is conducted to an eye 
point B through the eyepiece lens 1. 

Visual line detecting means according to the ?rst embodi 
ment is made up of the aforesaid visual line detecting system 
composed of the constituent elements 1, 2, 4, 5 and 6 as well 
as circuits included in a ?xation point position processing 
circuit 109 which serves as computing means, such as an 
eyeball optical axis detecting circuit, an eyeball identifying 
circuit, a visual axis correcting circuit and a ?xation point 
detecting circuit. 

In the visual line detecting system, infrared light rays 
emitted from the illuminating means (infrared light emitting 
diodes (IRED)) 5 illuminate the eyeball 201 of the observer 
located in the vicinity of the eyepoint E. 

Infrared light rays re?ected from the eyeball 201 are 
reflected by the dichroic mirror 2, converged by the light 
receiving lens 4, and focused on the photoelectric element 
array 6 to form corresponding images. 
The ?xation point position processing circuit 109 operates 

in accordance with the software of a microcomputer and is 
operated under control of the system control circuit 115. 
The video camera also includes an electronic view?nder 

display processing circuit 103 for mixing a ?xation point 
display signal with a video signal or for switching a visual 
display on the electronic view?nder screen 101 to a correct 
ing screen display in accordance with an input signal from 
a correction control circuit 114 which will be described later. 
The electronic view?nder display processing circuit 103 also 
performs display processing associated with other visual 
displays such as a warning display. 
The video camera also includes a recording circuit 105 for 

forming a recording signal to be recorded on a recording 
medium, and a video signal processing circuit 106 for 
converting an image signal formed by an image sensor 
(CCD) 110 into a predetermined video signal. 
The video camera also includes an automatic iris (AE) 

circuit 107 for providing exposure control, an autofocus 
(AF) circuit 108 for providing AF control, a focusing motor 
113, an image sensing CCD 110, an lens iris 111, and a lens 
group 112. 
The video camera also includes the correction control 

circuit 114 for detecting a deviation between the direction of 
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6 
the actual visual line of the observer and the direction of the 
visual line detected by the above-described visual line 
detecting means and outputting personal error correction 
information. The correction control circuit 114 is controlled 
by the system Control circuit 115. 
The system control circuit 115 controls the operation of 

each element of the apparatus, and an operating part 116 has 
switches such as a power switch and a photographic-mode 
setting switch. 
The sequence of processing of an ordinary video image 

obtained by photography using the video camera which is 
arranged in the above-described manner will be described 
below. 
An image obtained by the lens group 112 is received by 

the CCD 110 through the lens iris 111. 
A signal which is read from the CCD 110 in accordance 

with a control signal outputted from the system control 
circuit 115 is sent to the recording circuit 105 through the 
video signal processing circuit 106. 
The signal outputted from the CCD 110 is also inputted to 

both of the AE circuit 107 and the AF circuit 108. The AP 
circuit 108 detects the edge of the image outputted from the 
CCD 110 to control the AF motor 113. The AE circuit 107 
detects the luminance of the same image to control the lens 
iris 111. 

In the meantime, an output signal of the video signal 
processing circuit 106 is mixed with a signal representative 
of a cursor indicative of a ?xation point position in the 
electronic view?nder display processing circuit 103. Then, 
the image thus obtained is displayed on the electronic 
view?nder screen 102 of the EVF 101. 

Information provided by the ?xation point position pro 
cessing circuit 109 is sent to the electronic view?nder 
processing circuit 103, as well as to the AE circuit 107 and 
the AF circuit 108. The information is used for setting an 
area which includes the ?xation point as well as a portion 
adjacent thereto, and a video signal is extracted from such an 
area to execute AE/AF with respect to the ?xation point or 
the adjacent portion. 
A method of detecting the position of a visual line 

(?xation point) of an observer (photographer) in the video 
camera according to the ?rst embodiment of the present 
invention will be described below in detail with reference to 
FIGS. 1 to 5. 

FIG. 2 is a perspective view showing the essential parts of 
the visual line detecting system shown in FIG. 1, and FIGS. 
3(A) and 3(3) are diagrams showing the optical principle of 
the visual line detecting system. 
Of the infrared light emitting diodes 5a, 5b and 50 

provided for illumination purpose, two diodes are selec 
tively used according to the attitude of the video camera to 
detect the distance between the video camera and the eyeball 
201 of the observer. Speci?cally, the infrared light emitting 
diodes 5a and 5b are selected when the video camera is 
placed in a horizontal position, while the infrared light 
emitting diodes 5a and 5c are selected when the video 
camera is placed in a vertical position. 

Although camera attitude detecting means is not speci? 
cally shown in FIG. 2, 3(A) or 3(B), attitude detecting means 
is useful which utilizes a mercury switch or the like. 

The infrared light emitting diodes 5a and 5b are disposed 
at positions which are shifted from the optical axis (X axis) 
of the light receiving lens 4 in an arrayal direction (z-axis 
direction) of the photoelectric element array 6 and in a 
direction (Y-axis direction) perpendicular to the arrayal 
direction. 


















